1. Introduction
===============

Honey bee venom (HBV, *Apis mellifera*) is a bitter, colorless liquid, and its active portion contains a mixture of proteins that, cause local inflammation and act as anti-coagulants. HBV is a complex mixture of enzymes and polypeptides with low molecular weights, and it has been reported to contain the enzymes phospholipase A~2~ (PLA~2~), hyaluronidase, phosphomonoesterase acid esterase, *α*-D-glucosidase, lysopphospholipase, *α*-galactosidase, *α*-acetylamino-deosiglucosidase and arylamidase. The compositions of fresh and dried bee venom (BV) differ mainly in regards to the volatile components; however, the overall biological activities are similar \[[@B001]\].

Enzymes are proteins catalyzing specific reactions, and contains five enzymes. Polypeptides are smaller in molecular weight than enzymes and are made of two or more amino acids. BV also has numerous polypeptides, the main one being melittin, which is also the main component of BV and has many positive biological effects and a relatively low toxicity. Melittin has a molecular weight of 2,840 Daltons, but it can reach 12,500 Daltons because it can also be in a tetrameric form \[[@B002], [@B003]\].

BV also contains smaller quantities of low molecular compounds that are different in nature: amino acids, catecholamines, sugars and minerals. Sugars have been identified in some BV preparations, but if BV is collected with a collector to prevent the contamination by pollen and nectar, it does not contain carbohydrates \[[@B004]\].

The mast cell degranulating (MCD) peptide and PLA~2~ are the two most toxic components in BV. Individual BV components can be used to achieve definite biological effects, and due to its having different effects on the central and the peripheral nervous systems (PNS), BV can be used to treat patients with different heart conditions. Reports have been published on the use of BV to treat patients with different degenerative diseases of the nervous system, such as multiple sclerosis (MS), Alzheimer's disease and Parkinson's disease \[[@B005]-[@B007]\].

BV has also been reported to act against different types of cancers in cell and animal experiments \[[@B008]\]. However, no differences between the cancer incidences in normal humans and beekeepers have been reported \[[@B009]\]. Thus, melittin, a powerful anti-cancer peptide, might be a better choice than whole BV for treating various diseases. On the other hand, BV acupuncture and melittin have been used to control neuropathy caused by cancer chemotherapy \[[@B010], [@B011]\].

Because, most human deaths resulting from one or a few bee stings are due to allergic reactions, heart failure, or suffocation from swelling around the neck or the mouth, as compared with other human diseases, accidents and other unusual cases, deaths dues to bee stings are rare, indicating that BV is very safe for treating diseases in humans \[[@B012]\].

2. Materials and Methods
========================

Lyophilized BV was prepared at the Venomous Animals Department, Razi Vaccine and Serum Institute, and was kept at --- 20˚C. Sephadex G-50 was purchased from Pharmacia (Sweden). Calcium chloride (CaCl~2~) and protrombin time (PT) and partial thromboplastin time (PTT) Kit products were purchased from Fisher Diagnostics (Germany). The other reagents and chemicals of analytical grade were purchased from Fluka and Merck.

Blood samples were extracted from 10 healthy young rabbits of both sexes with no history of blood disease. Blood samples from these rabbits were centrifuged for 15 minutes at 3,000 rpm. The obtained plasma was separated and was used for the PT and PTT testing.

Tissue thromboplastin was reconstituted according to instructions and was labeled with the time, date and initials of the technician. The thromboplastin reagent was stabile for seven days after reconstitution. The sample was allowed to sit 10 --- 15 minutes and was than inverted gently several times. The reagents were mixed well prior to pipetting any of them reagent at any step in this procedure.

One to two mls of the tissue thromboplastin- CaCl~2~ reagent (PT reagent) was pipetted into a test tube, and the test tube placed into an incubator at 37˚C. The level of the thromboplastin was not allowed to exceed the height of the heat block. Normal rabbit plasm, 100 μL was poured into the test tubes and at least one minute was allowed for the plasma to reach 37˚C. Then, 200 μL of the PT reagent was poured into the tube containing the rabbit plasma, and simultaneously stop watch was started.

The solution in the tube was mixed and left in the heat block for a minimum of 7 --- 8 seconds. It was then removed, and its exterior was wiped. The tube was then tilted back and forth gently until a visible clot formed. As the clot formed, the mixture began to gelatinize and turn cloudy. The stop watch was immediately stopped when the clot began to form, and the time in seconds was recorded \[[@B013]\].

A sufficient quantity of CaCl~2~ reagent was heated to 37˚C for the tests to be performed. Normal rabbit plasma, 100 μL, was poured into a labeled test tube, and 100 μL of partial thromboplastin reagent was added. The plasma/partial thromboplastin mixture was incubated at 37˚C for a minimum of three minutes, and CaCl~2~ 100 μL, was forcefully added into the plasma/partial thromboplastin mixture; a stop watch was started immediately.

The mixture in the tube was stirred once after the calcium reagent had been added, and the tube was allowed to remain in the heat block for approximately 20 seconds while being stirred occasionally. After 20 seconds, the tube was removed from the water bath/heat block, and its outside was dried. The tube was then gently tilted back and forth until a visible clot formed, at which time the stop watch was immediately stopped and the time in seconds was recorded \[[@B013]\].

The concentrations of the proteins in the BV were measured by using the method of Lowry with bovine serum albumin (BSA) as the standard \[[@B014]\]. Standard curves were constructed by measuring the concentration of the BSA solution; then, the amounts of the proteins in the crude BV were obtained. In addition, 10 mg of BV were used to prepare samples with concentrations of 1 to 4 mg/mL. The samples with these concentrations were the used to assess the effect of BV on clotting with PT.

The lethal dose 50 (LD~50~) of the Iranian crude BV was determined in mice (18 to 20 g National Institutes of Health (NIH) strain; NIH mouse are albino outbred mice which were derived from a nucleus colony obtained from the NIH). The sample at each dose was prepared in physiological sterile serum and was injected into the mice. For the selection of an appropriate dose, several different doses were injected into two mice per dose up to lethality. The doses were then chosen so that for the first dose, no mice died, and for last dose, all animals died. When different doses were prepared for each sample, 2 mL of each dose (0.5 mL for each mouse) were intravenously into four mice. Then, the mortality of the mice was recorded for 24 hours. The LD~50~ values of each sample were calculated by using the Spearman-Karber Finney statistics \[[@B015]\].

The anti-coagulation factors from BV were purified by using chromatographic techniques. To separate the coagulation factor, we dissolved 300 mg of the crude BV in 4 mL of ammonium acetate buffer, which was then centrifuged for 15 minutes at 14,000 rpm. The impurities were removed by using a micro filter 0.45. The gel chromatography column was equilibrated by using 20 mM ammonium acetate buffer (pH 4.75). After the column had been equilibrated, the protein solution was applied on sephadex G-50 (3 × 200 cm); then, the column was eluted with the same buffer. The absorption of each fraction was read at 280 nm. All the fractions were dialyzed for 24 hours against distilled water and were concentrated at 4˚C. After concentration, the intensities of peaks were accurately measured. The PT test was done for peaks (fractions) with the same concentration and fractions that showed anti-coagulation activity were detected \[[@B016], [@B017]\].

To confirm the presence of coagulation and anti-coagulation activities, we performed PT tests with the same concentrations, 20 μg/mL, for the fractions obtained by using gel chromatography. For determining the molecular weight and the purity of the crude BV and the fractions obtained by using the gel chromatography technique, we performed sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) according to the method of Laemmli \[[@B018]\].

Analyses to determine the means, standard deviations (SDs) and *P*-values of the test data were performed using the software mini tab. *P*-value was calculated, and a *P*-value less than 0.05 was meaningful.

3. Results
==========

Comparing the coagulation time of normal plasma (without venom) with those obtained for different concentrations of BV, crude BV was found to increase the plasma clotting time. In other words, the venom prolonged the blood coagulation time, making this venom an anti-coagulant (Table [1](#T001){ref-type="table"}). The amount of protein in crude BV solution was 3.6 mg/mL.

The values of the LD~50~ in all mice were determined for all samples. The samples were prepared at different doses. Each dose was injected intravenously into 40 mice. The numbers of dead mice within 24 hours were recorded for each dose. After the registration of deaths, the LD~50~ of each dose was determined by using the Spearman-Karber statistics method, which is as follows: M = × 100 ± d/n (Σr-n/2), d = log 1.25 = 0.097, d/n = 0.024 M = log LD~50~, × 100 = log 244 = 2.38 n = 4, Σr = 5, M = 2.38 + 0.121 = 2.25 LD~50~ = Antilog 2.25 = 177.8, LD~50~ = 177.8 μg

Using gel filtration chromatography, four fractions were obtained. These fractions were labeled F~1~ to F~4~. According to (Fig. [1](#F001){ref-type="fig"}), fractions F~1~ to F~4~ containing proteins from high to low molecular weight were extracted from the gel chromatography column. It seems that the fraction F~1~ contain hyaluronidase, F~2~ and F~3~ contains phospholipase and F~4~ contain melittin. Fraction F~2~ containing the highest amount of protein had the greatest absorbance (Fig. [1](#F001){ref-type="fig"}). With regard to the determination of the standard molecular weights of the protein bands, the exact locations of the crude BV proteins and their fractions were identified (Figs. [2](#F002){ref-type="fig"},[3](#F003){ref-type="fig"}). Crude venom has four pro-tein bands with molecular weights of 3, 15, 20 and 41 kilodalton (kDa). After chromatography, each fraction showed a single band.

The anti-coagulant property was determined by using PT tests on fractions F~1~ to F~4~. The coagulation times were obtained by adding fractions from the gel chromatography to the plasma of three healthy rabbits of each sex. The results are gathered in (Table [2](#T002){ref-type="table"}). Although fractions F~2~, F~3~ and F~4~ had more anti-coagulation activity than F~1~, F~1~ also had some anti-coagulation activity. According to this method, if the time until coagulation occurs is increased compared to the control sample, then the anti-coagulation activity is increased.

4. Discussion
=============

This research offers an effective and repeatable method for separating the anti-coagulation factors in BV. Venom from bees in the family Apidae like *Apis mellifera*, is a rich source of new compounds that have applications in medicine and biochemistry \[[@B019]\], and BV from Iranian bees seen to be effective in delaying the clotting of blood. Coagulation tests, including PT tests, have shown that BV, in general, has anti-coagulation properties.

From the results of tests carried out on six samples, we can be concluded that all were normal, as the time for each was in the normal range when tested by using PT (10 --- 14 seconds) and PTT (30 --- 40 seconds).

To evaluate the anti-thrombotic properties of BV, we performed PT tests on plasma samples from four groups of 6 animals each (24 animals total), and the 4 groups received injections of BV with doses of 1, 2, 3 and 4 mg/mL, respectively. The average duration of the PT test in this case also highlights the anti-coagulation properties of the Iranian crude BV (PT = more than 300 seconds). Thus, the anti-coagulation factor BV has been proven.

The venoms of most stinging insects, including honey bees, consist of enzymes, protein, peptides, and a variety of smaller molecules. The pharmacological and biochemical activities of venoms from various stinging insects are remarkably convergent. Most venoms induce immediate pain, contain phosphlipases, hyaluronidase, and other enzymes, and are capable of destroying red blood cells \[[@B020]\]. The phospholipases derived from honey bees, yellow jackets, and fire ants have very different molecular weights: 16,000 for bees \[[@B021]\], about 31,000 for yellow jackets \[[@B022], [@B023]\], and 28,000 in the form of tow roughly equal subunits for fire ants \[[@B024]\].

Melittin is the principal active component of apitoxin (BV) and is a powerful stimulator of PLA~2~. So far, melittin is the best characterized peptide. It inhibits protein kinase C, Ca^2+^/calmodulin-dependent protein kinase II, has alkaline characteristics similar to those of other venom compounds, and seems to be the major compound responsible for intense local pain \[[@B025], [@B026]\]. It corresponds to 40% --- 50% of the venom's dry weight, although this varies during aging \[[@B027]\]. Extensive work with melittin has shown that it has multiple effects, probably, as a result of its interaction with negatively-charged phospholipids.

Venoms from other Apis species are similar, but even the venoms from the various types within each species are slightly different from each other. The toxicity of *Apis cerana* venom has been reported to be twice as high as that of *Apis mellifera* \[[@B028]\].

5. Conclusion
=============

BV contains pharmacologically important constituents. The important constituents present in BV are melittin, apamin, hyaluronidase, phospholipase and histamine. Melittin is considered to be the major constituent of BV.

The present study analyzed the venom of *Apis mellifera* with regard to anti-coagulation activities. Its anti-coagulation proteins were isolated and evaluated by using chromatographic methods. The fraction extracted from the Iranian bee contained protein similar to anti-coagulation proteins such as PLA~2~ and melittin, which are able to increase the blood clotting time *in vitro*.

In summary, bee products are very interesting and can either be developed further into medicinal products when they offer new and better treatment alternatives, or form the basis for the identification of new drugs that can be used according to the principles of pharmacology. In either case, much effort will be necessary in order to establish their position in modern medicine.
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###### PT values for different concentration of *Apis mellifera* crude venom

  Concentration of venom and fractions   ^\*^Average PT (sec)   Description
  -------------------------------------- ---------------------- -------------------------------------
  1 mg/mL                                0.71 ± 187             Clots were formed as thin filaments
  2 mg/mL                                More than 300          No clots were formed
  3 mg/mL                                More than 300          No clots were formed
  4 mg/mL                                More than 300          No clots were formed
  Normal PT (No venom)                   0.52 ± 13/8            Clots were formed completely
  Normal PTT (No venom)                  0.4 ± 33.45            Clots were formed completely

*P*-value \< 0.05, ^\*^n = 6. PT, protrombin time; PTT, partial thromboplastin time.

###### PT value for fractions of *Apis mellifera* crude venom

  PT (sec)        Sample
  --------------- ---------------
  240             Fraction F~1~
  More than 300   Fraction F~2~
  More than 300   Fraction F~3~
  More than 300   Fraction F~4~

PT, protrombin time.
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